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Application/Control Number: 10/686,208 
Art Unit: 2828 

DETAILED ACTION 
Claim Rejections - 35 USC § 112 

1 . The following is a quotation of the second paragraph of 35 U.S.C. 1 1 2: 

The specification shall conclude with one or more claims particularly pointing out and distinctly 
claiming the subject matter which the applicant regards as his invention. 

2. Claims 12-13 and 25-26 are rejected under 35 U.S.C. 112, second 
paragraph, as being indefinite forfaiting to particularly point out and distinctly 
claim the subject matter which applicant regards as the invention. 

3. Claim 12 recites the limitation "a bottom mirrors" in line 5. Did applicant 
mean -a bottom mirror— instead to agree with "the bottom mirror" in lines 6-7 and 
lines 11-12? 

12, A multi-cavity vertical cavity surface emitting laser 
(VCSEL) capable of simultaneous multiple polarization 
emissions, comprising: 

a substrate; 

a bottom mirrors disposed on the substrate; 

a plurality of active regions disposed on the bottom 
mirror, each active region including a current aperture 
and a VCSEL cavity, wherein a combined active region 
size of the plurality of active regions is smaller than a 
bottom mirror size; 

a plurality of bottom electrodes disposed on the bottom 
mirror, each bottom electrode being positioned near a 
bottom periphery of a different one of the plurality of 
active regions; and 

a plurality of top electrodes disposed on the active region, 
each top electrode being positioned near a top periph- 
ery of the different one of the plurality of active region, 
wherein: 

each bottom electrode and each top electrode arc posi- 
tioned approximately 180 Degrees from one another 
around the different one of the plurality of active 
regions. 

4. Claim 12 recites "a plurality of active regions" in line 6 and recites "the 
active region" in line 15. It is unclear which of the active regions in line 6 is being 
referred to by the active region in line 15. Claim 13 is rejected for the same 
reasons as claim 12. 
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5. Claim 25 recites the limitation "a bottom mirrors" in line 6. Did applicant 
mean -a bottom mirror — instead to agree with "the bottom mirror" in lines 7-8 and 
lines 12-13? 

25. A method of operating a vertical cavity surface 
emitting laser (VCSEL) for simultaneous multiple polariza- 
tion switching comprising the steps of: 

providing a VCSEL, the VCSEL including: 

a substrate; 

a bottom mirrors disposed on the substrate; 

a plurality of active regions disposed on the bottom 
mirror, each active region including a current aper- 
ture and a VCSEL cavity, wherein a combined active 
region size of the plurality of active regions is 
smaller than a bottom mirror size; 

a plurality of bottom electrodes disposed on the bottom 
mirror, each bottom electrode being positioned near 
a bottom periphery of a different one of the plurality 
of active regions; and 

a plurality of top electrodes disposed on the active 
region, each top electrode being positioned near a 
top periphery of the different one of the plurality of 
active region, 

wherein each bottom electrode and each top electrode 
are positioned approximately 180 Degrees from one 
another around the different one of the plurality of 
active regions; and 

switching one or more supply energies between a first 
electrically opposed pair of the plurality of top and 
bottom electrodes and all other electrically opposed 
pairs of the plurality of top and bottom electrodes. 

6. Claim 25 recites "a plurality of active regions" in line 7 and recites "the 
active region" in lines 16-17. It is unclear which of the active regions in line 7 is 
being referred to by the active region in lines 16-17. Claim 26 is rejected for the 
same reasons as claim 25. 

Claim Rejections - 35 USC § 102 

7. The following is a quotation of the appropriate paragraphs of 35 
U.S.C. 102 that form the basis for the rejections under this section made in this 
Office action: 
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(b) the invention was patented or described in a printed publication in this or a foreign country or in 
public use or on sale in this country, more than one year prior to the date of application for patent in 
the United States. 

8. Claim 27 is rejected under 35 U.S.C. 102(b) as being anticipated by 
Kitamura et al (5,986,996). Kitamura discloses the claimed invention of a VCSEL 
driver circuit capable of polarization switching a VCSEL (see Figures 4-6) 
including a plurality of pairs (32a, 32b) of polarizing electrical contacts, the circuit 
comprising means (implicit in col. 15-16) for supplying one or more supply 
energies to the plurality of pairs (32a,32b) of polarizing electrical contacts of the 
VCSEL; means (implicit) for controlling the one or more supply energies; and 
means (implicit) for switching the one or more supply energies between the 
plurality of pairs of polarizing electrical contacts of the VCSEL. 

FIG. 4 



20 
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5,986,996 



15 



16 



for current irrjccticn. In this embodiment, the upper elec- 
trode 32 is divided by 4 into two pairs of electrodes 32a and 
326, and the pairs of electrodes 32a and 32b axe formed to 
be in contact with the respective sides of the column 34 as 
shown in FIG. e\ The interior of the upper electrode 32 
serves as tlx aperture 35. Id the surface emitting laser 
VCSEL of this embodiment, a current i& injected from the 
upper electrode 32 and is guided to the active layer 26 to be 
converted into light. The ijg hf is amplified by the resonator, 



transmitted through the inside the column 34 is equal to a 
direction perpendicular to the sides of the square contacting 
the pair of upper electrodes 32a, As s result, the polarization 
direction of an emitter laser beam has a direction in which 
an electric field easily exists (i,e., the direction of the pair of 
upper electro dei 22a), and the TE -polarized laser beam 7a 
is emitted. 

On the other hand, the polarization direction of a laser 
beam c mitred when a current is injected into the VCSEL by 



and the laser beam Is emitted from the aperture 35 to the 10 using the pair of upper electrodes 32b, has a direction 



outside. Referring to FIGS, 4, 5, and 6, for descriptive 
convenience, the VCSEL having one column 34 is shown. 
However, a plurality of columns may be arranged in the 
surface of the substrate, as a matter of course. A plurality of 
optical resonator 5 20 each having the above arrangement can 
also be easily combined to each other in the form of an 
integrated array. 
C* In the optical pick-up of this embodiment, IE-polarized 
and TM-polarized laser beams can be selectively emitted 
from the VCSEL by switch^ the pairs of upper electrodes 20 
32a and 326. A manner of emitting laser beams having 
different polarization directions will be described below 
with reference to FIG. 6. 
FIG. 6 is a schematic view showing the VCSEL of this 



perpendicular to the direction of the laser beam (TE- 
polarized light) obtained by using the pair of upper elec- 
trodes 32a (Le., to be TM -polarized light), because the sides 
of the square contacting the pair of upper electrodes 32b are 
is perpendicular to the sides contacting the pair of upper 
electrodes 32a. As a result, when a current is supplied to the 
VCSEL by using the pair of upper electrodes 32b, the 
TM-pclarizcd laser beam lb polarized in the direction of the 
pair of upper electrodes 32b, is emitted. 

[n this manner, in the VCSEL of this eanhodiment, when 
the pair of upper electrodes 32a or the pair of upper 
electrodes 32b are selected to inject a current , the polariza- 
tion direction of an emitted User beam can be controlled, 
and TC-polarized or TM-poiarized laser beams can be 



embodiment when viewed from a side on which a laser beam 2$ selectively emitted. In addition, when the lateral sectional 



is emitted. In the VCSEL of this enmodimeat, the upper 
etectxedes 32 are formed along the respective sides of the 
contact layer 28 having a square shape. Each opposite upper 
electrode 32 serves as the pairs of electrodes 32a and 326. 
Here, in the VCSEL of this embodiment, wh en a laser i s 
driven by using only the pair of uppe r electrodes 32a, a 
current trom two sides of the square contacting the pair of 
upper electrodes 32a is guided to the active layer 26 while 
being dispersed toward the central portion of the square, 
thereby performing laser osdSktion. When the laser i s 
dri ven by using only the pair of upper electrodes 32&. a 
current from two sides perpe&diailar to two sides of the 
square contacting the upper electrodes 32a is similar ly 



shape of the column 34 is made square, the laser beams form 
orthogonal polarization directions. For this reason, laser 
oscillations can be stably performed, 

As described above, in the optical pick-up of this 
embodiment, a laser beam source which can selectively 
irradiate laser beamB having (liferent polarization 
directions, is realized by using a vertical cavity surface 
emitting laser. The optical clement 15 comprises a polarizer 
9 having an aperture formed therein and arranged between 
35 the laser beam source 3 end the objective lens 3, For this 
reason, by selecting only the electrode of the surface emit- 
ting Laser diode to change the polarization direction of a laser 
beam, the effective numerical aperture \ T A of the objective 
guided to the active layer 26 while being dispersed toward lens 5 is controlled for optical disks having different 
the central portion of the square, thereby performing laser ao thicknesses, and the numerical aperture of the optical ele- 
ment IS can be changed. Therefore, a beam spot having high 
resolution can be converged on any optical disks having a 
different thickness. For this reason, the servo function of the 
optica pick-up ceo be utilized, 

formed Therefore, there are no differences in the charao 45 process can be reliably performed to optical disks having 



fluff*"*/ 




oscUla tifln 

When laser oscillation is performed as described above, 
the lateral cross section of the column 34 is square, and the 
pairs of upper electrodes 32a end 32b are symmetrically 



teristics of the VCSEL such as threshold current, waHphig 
efficiency, and the like which are performed when the 
VCSEL is driven by using only the pair of upper electrode 
32a or the pair of upper electrode 326. 

However, the influence on the distribution of electric field 
near the interface at the inside and the periphery of the 
column 34 of the optical resonator 20 when using only the 
pair of upper electrodes 32a, is different from that when only 
using the pair of upper electrodes 32k More specifically, 



different thicknesses. Therefore, data processing can be 
reliably performed to a plurality of optical disks having 
different recording densities. 
Furthermore, in the optical pick-up of this embodiment, 
SO laser beams having different polarization directions are 
selectively irradiated on optical disks having different thick- 
nesses and different track pitches to obtain a reflected beam 
having high resolution. For this reason, the optical pick-up 
does not require a process of splitting one laser beam into a 



when the VCSEL is not driven, due to the metal layer 30 55 plurality of focusing points to be converged as in a cocven- 



forroed around the column 34, the distributions of electric 
field around the column 34 are equal to each other with 
respect to the respective sides of the square. The polarization 
direction of a laser beam which can exist inside the column 
34, is along one of orthogonal sides and cannot be con- 
trolled. 

In contrast to this, when a current is injected into the 
VCSEL by using the pair of upper electrodes 32a, a distri- 
bution of electric field near the interface of the column 34 
changes. Inside the column 34, an electric Held perpendicu- 
lar to the sides contacting the pair of upper electrodes 32a 
easily exists. Therefore, the polarization direction of light 



uonal pick-up, and a simple optical system having higb 
reliability can be applied to the optical pick-up. Since the 
optical pick-up does not require an optical element such as 
a prism or a hologram for splitting a laser beam, the optical 
€0 pick-up having compatibility with optical disks having dif- 
ferent thicknesses can be decreased in size and weight In 
addition, since the optical pick-up of this embodiment 
employs, as a light source, a new vertical cavity surface 
emnlmg laser which ca x^swftch ^larization directions and 
$5 can be easily intcgraiccCthc optical pick-up can be further 
decreased in size, and have a considerably simple structure 
and high pei fui ^ ^^t tce. 
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Conclusion 
Allowable Subject Matter 

9. Claims 1-11, 14-24 are allowed. 

10. Claims 12-13, 25-26 would be allowable if rewritten or amended to 
overcome the rejection(s) under 35 U.S.C. 112, 2nd paragraph, set forth in this 
Office action. 

1 1 . The following is a statement of reasons for the indication of allowable 
subject matter: The cited prior art do not teach or fairly suggest a VCSEL having 
along with the other features a first pair of bottom electrodes disposed on the 
bottom mirror and near a bottom periphery of the active region. 

Conclusion 

12. The prior art made of record and not relied upon is considered pertinent to 
applicant's disclosure. Wang (5,727,014), Obrien et al (6,040,590, 6,399,407), 
Jonsson et al (6,356,573) and Ueki et al (6,650,583) each teaches a VCSEL 
having polarization control. 

Any inquiry concerning this communication or earlier communications from 
the examiner should be directed to Quyen P. Leung whose telephone number is 
(571 )272-1943. The examiner can normally be reached on 8-4:30, M-F. 

If attempts to reach the examiner by telephone are unsuccessful, the 
examiner's supervisor, Minsun Harvey can be reached on (571)272-1835. The 
fax phone number for the organization where this application or proceeding is 
assigned is 703-872-9306. 
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Information regarding the status of an application may be obtained from 
the Patent Application Information Retrieval (PAIR) system. Status information 
for published applications may be obtained from either Private PAIR or Public 
PAIR. Status information for unpublished applications is available through 
Private PAIR only. For more information about the PAIR system, see http://pair- 
direct.uspto.gov. Should you have questions on access to the Private PAIR 
system, contact the Electronic Business Center (EBC) at 866-217-9197 (toll- 



free). 
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